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Note on the Determination of the Planes of the Orbits of Jupiter's 
Satellites. By A. Martli. 

The values of the nodes and inclinations of the orbits of 
Jupiter’s satellites which are derived from observed eclipses are 
liable to a very sensible amount of uncertainty. The eclipses of 
longest duration give, indeed, the places of the nodes on Jupiter’s 
orbit, while those of shortest duration furnish the inclina¬ 
tions. But as the eclipses which occur near the nodes vary 
little in duration, the ordinary errors of the observations, and, 
still more, the usual want of observations of successive eclipses 
at the proper epochs, leave considerable uncertainty in fixing the 
places of the nodes; and, in the case of the eclipses of shortest 
duration, if they occur far from the centre, an additional difficulty 
arises from the uncertainty of the real extent of the sections of 
the shadow by which the eclipses are produced. 

So long as the observations of eclipses were the only trust¬ 
worthy means available for finding not only the longitudes of 
the satellites in their orbits, but also the positions of their orbits, 
the ensuing uncertainty had to be submitted to as unavoidable. 
But since superior instruments and micrometers have become 
available, advantage ought to have been taken and ought to be 
taken to employ them at the proper times for the purpose of 
procuring those elements which cannot be derived from eclipse 
observations with the same degree of accuracy. As the apparent 
motion of the satellites at the beginning and end of nearly 
central eclipses amounts, during one minute of time, for 
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mean distance to 
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it is easily seen that for determining the longitudes of the 
satellites in their orbits, micrometrical measurements are not 
likely to supersede in accuracy trustworthy observations of the 
times of eclipses, at least when the satellites do not pass too far 
from the centre of the shadow cone. But the case is different 
with regard to the determination of the planes of the orbits, 
especially the fixing of the nodes. 

The most promising means for determining the longitudes of 
the nodes with accuracy will be found in micrometrical measure¬ 
ments of the distances at which the shadows of the satellites 
near their mid-transits appear from the centre line which bisects 
Jupiter’s disc perpendicular to the axis of rotation, if these 
measurements are made about the times when the planes of the 
orbits pass through the Sun. That is the case in the present 
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year, and though the opportunity may not be a very favourable 
one, since the nodal passages occur when Jupiter is too near the 
Sun to allow proper observations to be made, observers will not 
soon be so favoured as they were in 1849 or the end of i860, 
when, however, the opportunities were neglected, and they ought 
to make the best of present circumstances. 

The inclinations y and the ascending nodes T of the orbits of 
the four satellites in reference to the plane of Jupiter 9 s equator 
have been given since 1876, at sufficiently close intervals, in my 
annual Ephemerides for physical observations of Jupiter , the 
nodes being reckoned from 0, the point of the descending node of 
the planet’s equator on its orbit. They depend on data derived 
from Damoiseau’s tables of the satellites, and therefore contain 
the imperfections of the tables affecting the latitudes of the 
satellites. The following is a continuation of these values for 
the present and for the next apparition of the planet:— 
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The angular distances from the centre of the disc at which, 
helioeentrically, the apparent orbits of the satellites cross the 
central meridian will be, according to the assumed data, the 
following:— 
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The conjunction of Jupiter with, the Sun takes place on 
August 7. The eclipses of longest duration of the satellites IIL 
and IY. occur on September 4, when Jupiter is only 20° distant 
from the Sun. For testing and correcting the tabular places of 
the nodes, corresponding observations of the shadows when 
south and when north of the centre of the disc are required, and 
observers with superior telescopes and micrometers at their 
command should endeavour to procure such observations during 
the latter part of the present and the first half of the next 
apparition of Jupiter. 

As regards the determination of the inclinations, it is at pre¬ 
sent uncertain whether the inclination of the orbit of the second 
satellite can be derived from micrometrical measurements with 
greater advantage than from eclipses, as the degree of accuracy 
with which the distances of the shadow can be measured is not 
yet known. In the case of the third satellite, where the number 
of observed eclipses of shortest duration is much more limited, 
micrometrical measurements, made at the proper times, will be 
of essential service for settling the inclination. And in the case 
of the fourth satellite they will be found indispensable if the exist¬ 
ing uncertainty is to be effectually removed. 

To appreciate this necessity properly, and to get some fair no¬ 
tion of what evidence the observed eclipses of the fourth satellite 
really furnish for correcting the tabular values of the node and in¬ 
clination, it may be sufficient, in the absence of an accessible 
general collection of eclipse observations, to consider the result of 
those made at Greenwich. The Greenwich eclipse observations, 
which extend over a longer period than those at any other obser¬ 
vatory, have been made with great assiduity, and, I presume, no 
fair opportunity has been missed; yet, in the course of forty- 
eight years—from 1836, the year of the publication of Damoiseau’s 
tables, to 1883—the number of eclipses, of which both the begin¬ 
ning and the end have been observed, is only jive, and of one-sided 
observations, nine disappearances and sixteen reappearances of 
the satellite have been secured. I>one of the five complete 
observations affords help for correcting the latitude of the 
satellite. Observations made near the beginning and ending of 
a cycle of eclipses, when a slight error in latitude shows itself in 
a telling manner in the observed duration, are very rare. The 
interesting observation made 1877, August 29, by Todd at 
Adelaide (Monthly Notices, vol. xxxix. p. 16), when the satellite 
never disappeared, but was reduced to a mere speck of light 
skirting the margin of the shadow, indicated such an error very 
strikingly, for the eclipse was, according to the tables, not the 
first, but the second one of a new cycle, and the tabular duration 
was seventy-nine minutes. The eclipse of April 4, 1883, the 
second one of the present cycle of eclipses, showed a similar 
error, for, according to the observation made with the telescope 
of the Oxford heliometer by Bellamy (Monthly Notices , vol. 
xliii. p. 446) the satellite disappeared for only six instead of the 
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predicted eighty-six minutes, while if the “last seen” and “first 
seen” really refer to corresponding phases, the predicted time 
of conjunction is nearly correct. 

But important as these two observations will ultimately be 
for determining the extent of the shadow section, they must 
be supplemented by corresponding observations of eclipses 
occurring towards the ends of cycles, in order to allow 
further inferences to be drawn. The only observation near the 
end of the last cycle which I have yet seen is a one-sided one, a 
disappearance observed 1880, May 30, by Tebbutt at Windsor, 
New South Wales ( Astron. Nachr ., No. 2,541), from which it may 
be inferred that the tabular longitude of the node requires a 
sensible positive correction, as the measurements of Bessel and 
of Schur had already rendered probable. Observers ought to be 
on the alert early in 1886 to get complete observations of some 
of the last eclipses in the present cycle. 


Observations of Sun-spot Spectra in 1883. By the Bev. 

S. J. Perry, F.B.S. 

The daily routine work at Stonyhurst Observatory has now 
for some years included a careful drawing of the solar surface on 
every available occasion, and also a complete measure of the 
Sun’s chromosphere. Since 1882 a spectroscopic examination of 
Sun-spots has been added to the previous solar work, but 
attention has been directed exclusively to the red end of the 
spectrum, from D to B, as the more refrangible portion is being 
already carefully studied by others. The following paper is a 
synopsis of the observations made during the past twelve 
months, and will, it is hoped, present the results in the most 
simple form for comparison with the work of other observers. 
In numbering the lines seen widened or darkened in the spots, 
the figures published in the British Association Beport for 1878 
have been followed throughout, and the numbers of both 
Kirchhoff and Angstrom are given for the convenience of refer¬ 
ence. The instrument used in these observations is an automatic 
spectroscope of Browning, in which a dispersion of 2, 4, 6, 8, 10, 
or 12 prisms of 6o° can be readily obtained, and a Christie half¬ 
prism has been adapted to the original spectroscope, by which 
the dispersion previously obtained can be trebled. The figures 
in the columns headed “ widened ” and “ darkened ” will not 
give averages, as clouds often stop an observer in the middle of 
his scrutiny, and then only a small proportion of the affected 
lines may have been noted. 
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